In a survey of virus cross-infection in paediatric wards there were 15 cross-infections due to respiratory syncytial (R.S.) virus and 16 due to influenza A, both during a fourmonth period, and 19 due to parainfluenza viruses over two years. The illnesses produced by these infections acquired in hospital ranged from a slight cold to severe pneumonia: in 17 of the 50 cases the illness involved the lower respiratory tract. A measure of cross-infection frequency in the form of a "cross-infection rate" has been devised, and It is suggested that this can be used to assess theinfluenceof factors such as ward design and admission policy on the frequency of cross-infection.
Introduction
In the past cross-infection was a serious hazard for children admitted to hospital. Today it is assumed that with preventive immunization, the increasing use of single rooms in children's wards, and the availability of effective antibiotics against most pathogenic bacteria the problem has been solved. Those who work in wards, nurseries, and other institutions admitting children know that this is not true, but they are often uncertain of the nature and extent of the problem.
We have been studying this for some years (Ditchburn et al., 1971 ) and, though our evidence is incomplete, feel we should share our experiences so far. In this paper we examine crossinfection due to respiratory syncytial (R.S.) virus, influenza A 
DEFINITION OF CROSS-INFECTION
Virus cross-infection was considered to have taken place when a child acquired an infection after being in the ward longer than the accepted incubation period for the virus. For R.S. virus this period is from five to eight days; for influenza A, one to two days.
Less is known about the incubation period for parainfluenza viruses, and from the information available in this study it was not possible to define this period accurately. However, it appeared that in some cases the incubation period may be as short as two days, and therefore children with parainfluenza virus infections who developed symptoms two or more days after admission were included. The assumption has been made that both these factors were similar in wards of groups A and B.
VIROLOGY
Cough/nose swabs and nasopharyngeal secretions were obtamined from each child; the methods of collection and laboratory investigations have been described elsewhere (McQuillin and Gardner, 1968; Sturdy et al., 1969; Ditchburn et al., 1971) .
CLINICAL CATEGORIES
Each respiratory infection was assigned to a long-accepted clinical category (pneumonia, bronchiolitis, bronchitis, croup, tonsillitis, pharyngitis, cold) previously described (Gardner et al., 1960) . One child with a febrile illness without respiratory signs could not be classified in this way.
Results

EXTENT AND CLINICAL IMPORTANCE OF CROSS-INFECTION
The study of cross-infection with R.S. virus and influenza A extended over four months. During this period 219 children were admitted to hospital with illnesses due to R.S. virus infection and 15 children acquired the infection in hospital; 61 children were admitted with illnesses due to influenza A virus, and 16 acquired the infection in hospital. These 31 infections were experienced by 30 children, one child being simultaneously infected with both R.S. and influenza A viruses.
Over the two-year study period for parainfluenza viruses 134 children were admitted to hospital with illnesses due to parainfluenza viruses, and 19 probably acquired the infection in hospital (table II) . Five of these cross-infections were readmissions shortly after discharge from hospital. All had been in contact with known cases of parainfluenza infection while in the wards, and the interval was probably too short for them to have acquired the infection at home.
For several reasons these figures are likely to underestimate the frequency of cross-infection. In the first place, some cases will occur after discharge from hospital, and these will escape notice unless the illness produced is severe enough to require readmission. This is particularly applicable to R.S. virus, with a relatively long incubation period. Secondly, virus surveillance was less regular for some wards than for others. In the case of parainfluenza viruses there could well be a higher threshold for the recognition of cross-infection as these illnesses were less epidemic in distribution. Nevertheless, daily virus surveillance was felt to be sufficiently close to detect most of the episodes of R.S. virus and influenza A cross-infections occurring on those wards subjected to statistical analysis.
CLINICAL PICTURE AND AGE INCIDENCE OF ILLNESSES PRODUCED BY CROSS-INFECTION
The details of respiratory illnesses and the ages of the crossinfected children for R.S. virus, influenza A virus, and the parainfluenza viruses respectively are given in tables III, IV, and V. The primary reasons for their admission to hospital are also shown.
In addition, the history of one child not shown in the tables merits separate description. This 3-month-old infant died at home as a cot death. He had been admitted to hospital with gastroenteritis and discharged 10 (Brocklebank etal., 1972) makes patients infections for long periods, and, despite the short incubation period, relatively long intervals may occur before the susceptible contact develops symptoms.
Ward 4.-The ward which experienced this outbreak consists of four units each with four cots and four single-cot cubicles. Four children while in the ward were infected with R.S. virus. The first, aged seven months, was in a four-cot unit for investigation of failure to thrive and developed bronchiolitis after 40 days due to R.S. virus. The probable sources of infection were three children admitted six, seven, and eight days before the secondary bronchiolitis. The first was in the ward for four days with otitis media, the second for two days with bronchitis, and the third for eight days with bronchiolitis, all due to R.S. virus. The second acquired R.S. virus infection occurred in a child of 18 months with hydrocephalus in an adjacent fourcot unit. This child developed a cold due to R.S. virus 12 days after the first of the three potential infectors described above was admitted. The third episode of R.S. virus cross-infection involved a 13-monthold child admitted to a four-cot unit for the investigation of failure to thrive; nine days later this child developed an R.S. virus cold. The probable infector was a child of four years admitted to the same unit with bronchitis due to R.S. virus infection. The fourth child, aged 3 months, was admitted to a four-cot unit with a fractured femur; after 14 days he developed R.S. virus bronchiolitis. The probable infector was a child of 13 months who had been admitted to an adjacent single-cot cubicle with bronchiolitis six days previously.
Ward 2.-On 21 June 1972 a 6-year-old boy was admitted with a sore throat, high fever, and headache, and parainfluenza type 1 was identified in his nasopharyngeal secretions. A few days later a 2-yearold child who had already been in the ward for eight months with cystic fibrosis developed an exacerbation of his bronchitis, and on 30 June parainfluenza type 1 was identified in his nasopharyngeal secretions. On 27 June the house physician on the ward developed a heavy cold and on 1 July was found to be excreting parainfluenza type 1, by which time his cold was improving. The same virus was recovered a week later from an 1 1-year-old boy who developed a heavy cold while convalescing from an appendicectomy on an adjacent ward. This ward was covered by the same houseman, and it therefore seemed likely that at the time of his cold he carried the virus from the first ward to the second. Two further children were probably involved in this outbreak. The first, aged 21 months, had been in the ward with otitis media and a febrile convulsion from 21 to 26 June, and was then readmitted on 30 June with croup due to parainfluenza type 1.
The second, aged 21 years, was in the ward on 3 and 4 July, having accidentally taken nitrazepam, and was readmitted on 9 July, again with croup due to parainfluenza type 1.
CROSS-INFECTION RATE AND WARD DESIGN
As stated above, we attempted both to measure the frequency of cross-infection and to relate this to ward design. This analysis was restricted to the eight wards in groups A and B, and to R.S. virus and influenza A infections only. Virus surveillance was carried out daily on these wards, and was felt to be sufficiently reliable at these epidemic times to make it probable that most episodes of cross-infection were identified. A further reason for excluding parainfluenza infections from this analysis was our uncertainty about the length of the incubation period for these infections.
The cross-infection rate in wards of groups A and B for R.S. virus and influenza A respectively are shown in tables VI and VII. The overall rate for group A wards was greater than that for group B wards for both viruses. The numbers of crossinfections were too small to make statistical comparisons between the rates, but there is a clear trend for the rates to be lower in wards consisting entirely of single-cot cubicles than in those combining some cubicles with an open area. As with all indices used to monitor situations subject only to gradual change and involving relatively small numbers-for example, the infant mortality rate-it will be the interpretation of trends in cross-infection rate which will be of most practical value; statistically significant comparisons will be less helpful, except over long periods or where major changes have taken place. We have given an example of how such a trend can be measured, by examniing the influence of two types of ward design on cross-infection. The similarity of the two groups of wards in respect of other factors which tend to limit the frequency of cross-infection, such as a high standard of nursing care and the availability of rapid virus diagnosis, has made the differences in cross-infection rates too small to be statistically significant. But such is our concern about the severe nature of some of the illnesses acquired, that we feel compelled to emphasize the clear trend for rates to be lower in wards consisting entirely of cubicles. It would seem wise that, whenever possible, children with acute respiratory illnesses should be admitted to individual cubicles, and that these should not be reserved solely for infants under 1 year of age as is sometimes the practice. This is supported by the observations of Sterner (1972 Finally, though individual cubicles play an important part in the prevention of cross-infection, the fact that some virus cross-infections occurred even in wards consisting entirely of cubicles suggests that modes of transmission other than direct spread from patient to patient must sometimes play a part. Despite the difficulties, we are currently attempting to study the role of carriage by ward staff, parents, and visitors in the crossinfection process. 575 We are well aware of the many problems faced by those in charge of an acute children's ward today, and that wards whose design is satisfactory on other grounds will be in use for a long time. Nevertheless, without asking too much of busy resident doctors and ward sisters, we believe that the knowledge of the facts and the applications of the conclusions of this study could do much to improve the situation.
